Calcium influx via L-type (Ca v 1.2 and Ca v 1.3) calcium channels is tightly regulated to ensure optimal intracellular calcium levels. Although much is known about acute modulation of these channels by second messengers, the mechanisms that control their trafficking to and from the plasma membrane remain poorly understood. In this issue of Neuron, Green and colleagues demonstrate that the opening of L-type calcium channels results in negative feedback regulation due to their calciumdependent internalization.
Calcium entry though L-type (Ca v 1.2 and Ca v 1.3) calcium channels mediates a range of neurophysiological responses, including the activation of calcium-dependent enzymes, calciumdependent gene transcription, and synaptic plasticity (Deisseroth et al., 2003; Yasuda et al., 2003) . These processes require precise control over intracellular calcium levels, and hence, neurons have adopted numerous ways of controlling calcium channel activity. In essence, these include means of regulating channel expression and trafficking to the plasma membrane, acute regulation of calcium channel activity, and removal of channels from the membrane to reduce channel density and consequently calcium entry.
The L-type calcium channel a 1 subunit requires coassembly with ancillary a 2 -d and b subunits for effective membrane targeting (for review, see Jarvis and Zamponi, 2007) (Figure 1 ). Membrane expression can also be facilitated by association of the channel with other types of regulatory proteins, such as the A kinase anchoring protein AKAP-79, whereas small GTPases such as Kir antagonize channel trafficking to the plasma membrane (Jarvis and Zamponi, 2007) . Hence, the association of the calcium channel complex with regulatory elements is a key mechanism of regulating channel and current density. Once inserted into the plasma membrane, channel activity is potently regulated by a vast number of second messengers. For example, the activation of b-adrenergic receptors that form signaling complexes containing L-type calcium channels and AKAPs results in effective protein kinase A phosphorylation of the channel, thus drastically increasing channel activity (Davare et al., 2001) . In contrast, calmodulin binding to the C terminus of the channel provides for a negative feedback mechanism by virtue of its role in calcium-dependent inactivation (Figure 1 )-i.e., the rapid inhibition of Ltype calcium channel activity in response to calcium entry (Peterson et al., 1999) . In their elegant study, Green et al. (2007) have provided evidence for another form of activitydependent feedback inhibition of Ca v 1.2 L-type calcium channels, which involves the calcium-dependent removal of the channels from the plasma membrane.
The authors first showed that prolonged KCl depolarization of rat cortical neurons results in a reversible decrease in L-type calcium channel activity and intracellular calcium levels. The effect of depolarization on calcium current activity was blocked by overexpression of a dominant-negative dynamin construct, thus implicating an endocytotic pathway. The authors then overexpressed tagged Ca v 1.2 calcium channel constructs in these neurons to visualize the removal of L-type channel complexes from the plasma membrane in response to prolonged membrane depolarization and showed via biochemical assays that neuronal activity evoked by glutamate application results in endocytosis of L-type channels. By using total internal reflection microscopy, the authors showed that L-type calcium channels are internalized into endosomal vesicles in response to membrane depolarization and that calcium influx via the channels results in a decrease in the probability of these vesicles being localized near the plasma membrane. Finally, the authors used a proteomic approach to demonstrate that the tumor suppressor protein eIF3e is actively recruited to the L-type calcium channel complex in response to channel activity and that binding of this protein to a conserved eIF3e consensus site in the second intracellular loop of the channel is a key step in the internalization process. Taken together, the authors have identified a novel means of negative feedback regulation, in which the activation of L-type calcium channels, and their passage of calcium ions, results in the recruitment of elF3 to the channel. This in turn triggers the removal of the channels from the plasma membrane, thus reducing the probability for further calcium entry (Figure 1 ). This process occurs on a much slower time course than the rapid calcium-dependent inactivation mediated by calmodulin. Unlike in the case of calmodulin regulation of the channels, however, the precise molecular mechanisms of calcium sensing and eIF3e-mediated L-type channel internalization remain unclear at this point.
This interesting finding raises a number of intriguing possibilities. As the authors have recently shown, the C terminus of the Ca v 1.2 calcium channel can serve as a transcription factor that enters the nucleus (GomezOspina et al., 2006) . Considering that eIF3e is known to be part of the proteasome complex, it is thus tempting to speculate that entry of internalized calcium channel/eIF3e complexes from endosomal into lysosomal compartments could result in the degradation of the channels and cleavage of the C terminus to allow for such Ltype calcium channel-mediated gene transcription (Figure 1 ). In addition to the previously demonstrated L-type channel/calmodulin-mediated gene activation (Dolmetsch et al., 2001; Deisseroth et al., 2003) , this would provide for another pathway by which L-type calcium channel activity may regulate gene expression in response to channel activation, and at a much slower timescale. In this context, it is also interesting to note that L-type calcium channel activity has recently been implicated in the control of the cell cycle (Wang et al., 2005) , a process during which eIF3e expression is tightly regulated (Dong and Zhang, 2006) .
It is important to point out that eIF3e appears to preferentially interact with L-type, P/Q-type (Ca v 2.1), and R-type (Ca v 2.3) calcium channels, but not with T-type (Ca v 3) or N-type (Ca v 2.2) channels. Although the authors did not explicitly examine internalization of non-L-type calcium channels in their study, they did find an activity-dependent decrease in N-type and P/Q-type calcium channel activity that may be consistent with reduced channel levels in the plasma membrane. Furthermore, it has been shown recently that N-type calcium channels form signaling complexes with certain types of G protein-coupled receptors and can be internalized upon receptor activation (Altier et al., 2006) . Like the Ntype channel, the L-type calcium channel has been shown to form signaling complexes with G proteincoupled receptors, and specifically the b-adrenergic receptor (Davare et al., 2001 ). This then raises two questions: First, does membrane depolarization result in the calcium-dependent cointernalization of receptors and channels, and second, does the increased L-type channel-mediated calcium entry that occurs upon receptor activation lead to more efficient channel internalization? Along these lines, it is possible that prolonged receptor activation may per se result in receptor-channel cointernalization. However, further work will be required to substantiate such possibilities.
The findings of Green and colleagues may also have important implications for synaptic integration and homeostatic synaptic plasticity. During periods of neuronal inactivity, calcium entry via L-type channels contributes to synaptic scaling by virtue of increased vesicle pool size and turnover rate (Thiagarajan et al., 2005) . Conversely, activation of dendritic Ltype calcium channels contributes to long-term potentiation (Yasuda et al., 2003) . In this context, the repetitive activation of L-type calcium channels by incoming action potentials may well result in long-term alterations in L-type channel density, thus perhaps contributing to calcium homeostasis in dendritic compartments and neuronal plasticity. In addition to the key role of L-type calcium channels in regulating cardiac function, this underscores the far-reaching implications of activity-dependent internalization of L-type channels as a key regulatory mechanism of cellular function. (Left) The calcium channel a1 subunit is coassembled with b and a 2 -d subunits in the ER and targeted to the plasma membrane where it associates with calmodulin (CaM). (Middle) Entry of calcium (yellow circles) via L-type channels in response to brief depolarization results in calcium binding to calmodulin, and feedback inhibition via calcium-dependent channel inactivation. Calcium-bound calmodulin can also signal to the nucleus to mediate gene activation. (Right) Prolonged calcium channel activity triggers reversible, calcium-dependent internalization into endosomes (E) due to calcium-dependent recruitment of eIF3e to the channel's II-III linker region. Possible transfer to a lysosomal compartment (Ly) may degrade the channel protein, leaving the L-type channel C terminus available for nuclear signaling.
